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(57) Abstract 

The invention relates to a tactile sensor comprising a base plate provided at a first side 
with a plurality of electrically conducting wires fomiing a row. and provided at a second side 
opposite to the first side of the base plate with a plurality of electrically conducting wires 
forming a column, each of these wires forming cross points with the electrically conducting 
row wires. Each of the column wires forms an electrical contact with the row wires near 
each cross point, which electrical contacts are located at the first side of the base plate. The 
first side of the base plate is provided with a covering having a pressure -dependent electrical 
resistance and which, together with the elecnical contact of the column wires and the row 
wires, is suitable to form one or more current paths. The covering is divided into segments, 
with each segment covering at least two adjacent cross points. 
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Tactile sensor and method for determining a shear force 
and~s*lip wi'th'^SLTch "aT tact^^ 

The invention relates to a tactile sensor 
comprising a base plate provided at a first side with a 
plurality of electrically conducting wires forming a row, 
and provided at a second side opposite to the first side 
5 of the base plate with a plurality of electrically 

conducting wires forming a column, each of these wires 
forming cross points with the electrically conducting row 
wires, wherein each of the column wires forms an 
electrical contact with the row wires near each cross 

10 point, which electrical contacts are located at the first 
side of the base plate, and the first side of the base 
plate is provided with a covering having a pressure- 
dependent electrical resistance and which, together with 
the electrical contacts of the column wires and the row 

15 wires, is suitable to form one or more current paths. 

Such a tactile sensor is known from the journal "De 
Ingenieur", volume 108, No, 5, 20 March 1996, pages 28-31, 
The base plate of the tactile sensor of the prior art is a 
so-called printed circuit board-. Both sides of the print 

20 are provided with this printed circuit. The printed 

circuit consists of 16 equidistant strips of conductive 
material on a first side of the print and 16 equidistant 
strips of electrically conducting material on the other 
side of the print arranged orthogonally to the fist 

2 5 strips. At the cross points, a metal connection from the 

one side to the other side is provided for the strips on 
the first side only, but in such a manner that these 
electric interconnections form islands at the cross points 
within the strips of conductive material on the other side 

3 0 of the print. The latter side is also provided with a 

covering of an electrically conductive rubber which has a 
pressure-dependent electric resistance. By applying a load 
to the sensor on the side of the covering, it is possible 
to measure both the position and the force of the applied 
3 5 load. 
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It is the objective of the invention to improve 
this known sensor such that this sensor can also measure 
tangential or shear forces and to enable the sensor to 
measure the start and progression of slip more accurately 
5 and continuously. 

To this end the tactile sensor according to. the 
invention is characterized^ in that the covering is 
divided into segments, each segment covering at least two 
adjacent cross points. This makes it possible to measure a 
10 difference in load ensuing from shear forces at adjacent 
cross points because, in contrast with the prior art, the 
segmentation now admits varying noirmal forces at these 
adjacent cross points. 

The invention also embodies a method for the deter - 
15 mination of a shear force when a load is applied on a tac- 
tile sensor as discussed above. According to the invention 
this method is characterized in that the resistance values 
of current paths formed between the connection points of 
each of the electrically conductive row wires and of each 

2 0 of the electrically conductive column wires is determined, 

that for each current path these resistance values are 
converted to numerical values which are a measure for the 
load at the cross points of the row and column wires, and 
that the difference between the numerical values of adjac- 
25 ent cross points is determined, as being a measure of the 
shear force exerted on the sensor. 

If the tactile sensor is made such that each 
segment covers four adjacent cross points forming the 
comers of a square, it is possible to measure the shear 

3 0 forces occurring in the plane of the covering in any 

arbitrary orientation by resolving the measured forces in 
combining orthogonal directions determined by these four 
adjacent cross points. 

A possible embodiment of the tactile sensor in 
3 5 accordance with the invention is one in which the covering 
is composed of separate segments which are not intercon- 
nected. However, a preferred embodiment of the tactile 
sensor according to the invention is provided with a 
covering comprising an undivided base surface resting on 
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the- -f irs t _side of _the ^base plate_, J^hile_the ^ase surface 

is provided with separate projections forming the 
segments. The manufacture of this tactile sensor is 
particularly simple. This covering can be particularly 
5 easily provided if it is formed from an electrically 

conducting rubber having a pressure-dependent electrical 
resistance, due to the fact that the rubber is incised 
crosswise, with the segments being located between the 
incisions . 

10 As mentioned above, the tactile sensor according to 

the -invention is particularly suitable for _the_ measurement 
of shear forces. In addition, the invention provides a 
'tactile sensor possessing an increased sensitivity for the 
determination of slip occurring while the tactile sensor 

15 is loaded. To this effect this sensor according to the 
invention is applied such that resistance values are 
determined of current paths formed between the connection 
points of each of the electrically conducting row wires 
and of each of the electrically conducting column wires, 

20 that these resistance values are converted for each 

current path to numerical values constituting a measure 
for the load at the cross points of the row and column 
wires, that these values are totalized to produce a 
principal value, and that from a series of these principal 

25 values a frequency spectrum is determined and the 

occurrence of predetermined frequency characteristics is 
detected as an indication of the slip. 

The invention will now be further elucidated with 
reference to the drawing of a non- limiting embodiment. In 

3 0 the drawing 

Fig la shows a top view of the tactile sensor 
according to the invention; 

Fig. lb shows a side view of the tactile sensor 
according to the invention; 
35 Fig. 2a shows a cross-section of the tactile sensor 

according to the invention; 

Fig. 2b shows a partial top view of the tactile 
sensor according to the invention; 
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F ^. 3 shows a resistance characteristic of the 
covering -)nst i ^:ut ing part of the tactile sensor according 
to the i Lon; 

Fig, 4a shows a measurement characteristic at 
5 normal load of the tactile sensor according to the 
invention; and 

Fig. 4b shows a measurement characteristic when the 
tactile sensor according to the invention is loaded with a 
shear force . 

10 Identical parts in the Figures carry identical ref- 

erence numbers . 

Fig. la shows the top view of the tactile sensor 1, 
wherein this top side of the material of the covering is 
incised. The covering is preferably formed from an 

15 electrically conducting rubber with a pressure-dependent 
electrical resistance of which a possible characteristic 
is shown in Fig. 3. The incisions are applied crosswise, 
with the segments 3 located between the incisions. This is 
also clearly visible in Fig. lb, showing also that the 

20 covering, which is generally indicated by reference number 
4, is applied on a base plate 5. 

As can be more clearly seen in Fig. 2a, the base 
plate 5 is at both sides provided with a printed circuit, 
namely on the first side a printed circuit G and on the 

25 second side opposite the first side of the base plate 5, a 
printed circuit 7. The circuit 7 has metallized borings 8 
and 9 through the material of the base plate 5 to allow 
electric contacts 10 and 11 to be formed at the first side 
of the base plate. A partial top view in which the 

3 0 covering 4 is not represented, is shown in Fig. 2b, 

representing a schematic top view of a part of the sensor, 
omitting the covering 4. At the under side of the base 
place 5, electrically conducting wires 7 are shown as well 
as the contacts 10 and 11 provided at the top side of the 

35 base plate 5, electrically connected with the wires 7. 

These contacts 10 and 11 are arranged like islands in the 
electrically conducting wires 6 provided at the top side 
of the base plate 5, and are oriented transversely in 
relation to the conducting wires 7 at the under side of 
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the base plate 5. The electric contact between the 
contacts 10 and 11 which are connected with "th^" conducting^ 
wires 7 and the conducting wires 6, is furnished by the 
covering 4 . When this covering 4 is loaded, the electrical 
5 contact between the conducting wires 6 and the conducting 
wires 7 is enhanced and this is measured in order to 
determine the type and the load exerted on the tactile 
sensor 1 . 

As shown in Fig. 3, the resistance value R of the 

10 covering 4, which in this case is an electrically conduct - 
ing__ rubber, decreases with increasing load. According to 
the invention the covering 4 is divided in segments 2, 
each segment covering at least two adjacent cross points. 
These cross points are the points where the electrical 

15 wires 7 and 6 cross . In the case shown in the present 
embodiment, these cross points coincide with the 
electrical contacts 10 and 11. In a preferred embodiment 
of the tactile sensor according to the invention, each 
segment 3 covers four adjacent cross points forming a 

20 square, so that the shear forces can be determined in two 
orthogonal directions. 

Figs. 4a and 4b show an example of a tactile sensor 
according to the invention in which a row of 16 
equidistant electrically conducting wires are provided at 

25 the iinder side of the base plate 5 and placed transversely 
to it, a column of 16 equidistant electrically conducting 
wires on the top side of the base plate 5, in which 
arrangement there are 256 cross points arrayed in a 
matrix. Fig. 4a shows the measuring results from normal 

3 0 loading of the tactile sensor according to the invention 
as measured along the 16 current paths of which one 
component is conducting wire 7. On the abscissa the cross 
points, numbered 1 to 16, are indicated, each of which is 
a component of such a current path. Fig. 4a shows that 

3 5 when applying an evenly distributed normal force F„ to the 
tactile sensor, an identical resistance value as plotted 
on the ordinate, is measured for each current path. If, as 
shown in Fig. 4b, apart from a normal force F^ also a shear 
force F. is applied a measuring result as also shown in 
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this Figure, will ensue. It has been shown that each 
twosome of adjacent cross points located under a segment 3 
provides a different resistance value. These resistance 
values are for each current path converted to numerical 
5 values, providing a measure of the load at these cross 
points. The difference between the adjacent cross points 
under one segment 3 as described above, is then determined 
as measure for the shear force F- exerted on the sensor 1 , 
As already mentioned above, the tactile sensor 
10 according to the invention is also suitable for the deter- 
mination of slip occurring while the sensor is loaded. To 
this effect resistance values are determined of current 
paths formed between the connection points of each of the 
electrically conducting row wires 6, and of each of the 
15 electrically conducting column wires 7, these resistance 
values, are converted for each current path to numerical 
values constituting a measure for the load at the cross 
points of the row and column wires, these numerical values 
are totalized to produce a principal value, and from a 
2 0 series of these principal values a frequency spectrum is 
determined and the occurrence of predetermined frequency 
characteristics is detected as an indication of the slip. 
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CLAIMS 

1. A tactile sensor comprising 'a base plate 
provided at a first side with a plurality of electrically 
conducting wires forming a row, and provided at a second 
side opposite to the first side of the base plate with a 

5 plurality of electrically conducting wires forming a 

column, each of these wires forming cross points with the 
electrically conducting row wires, wherein each of the 
-column wires. _fp_rms ajri electrical contact with the row 
wires near each cross point, which electrical contacts are 

10 located at the first side of the base plate, and the first 
side of the base plate is provided with a covering having 
a pressure-dependent electrical resistance and which, 
together with the electrical contacts of the column wires 
and the row wires, is suitable to form one or more current 

15 paths, characterized in that the covering is divided into 
segments, with each segment covering at least two adjacent 
cross points. 

2. A tactile sensor in accordance with claim 1, 
characterized in that each segment covers four adjacent 

20 cross points forming the corners of a square. 

3 . A tactile sensor in accordance with claim 1 or 
2, characterized in that the covering comprises an undi- 
vided base surface resting on the first side of the base 
plate, while the base surface is provided with separate 

25 projections forming the segments. 

4. A tactile sensor in accordance with any of 
claims 1-3, wherein the covering is formed from an 
electrically conducting rubber having a pressure -dependent 
electrical resistance, characterized in that the rubber is 

30 incised crosswise, with the segments being located between 
the incisions. 

5 . A method for the determination of a shear force 
when a load is applied on a tactile sensor in accordance 
with any of claims 1-4, characterized in that the resis- 

35 tance values of current paths formed between the con- 
nection points of each of the electrically conductive row 
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wires and of each of the electrically conductive coluinn 
wires is determined, in that for each current path these 
resistance values are converted in numerical values which 
are a measure for the load at the cross points of the row 
5 and column wires, and that the difference between the 
numerical values of adjacent cross points is determined, 
as being a measure of the shear force exerted on the 
sensor . 

6. A method for the determination of slip occurring 
10 while a tactile sensor in accordance with any of the 

claims 1-4 is loaded, characterized in that resistance 
values are determined of current paths formed between the 
connection points of each of the electrically conducting 
row wires and of each of the electrically conducting 
15 column wires, that these resistance values are converted 
for each current path to numerical values constituting a 
measure for the load at the cross points of the row and 
column wires, that these values are totalized to produce a 
principal value, and that from a series of these principal 
2 0 values a frequency spectrum is determined and the 

occurrence of predetermined frequency characteristics is 
detected as an indication of the slip. 
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